elderly with significant co-morbidity and poor physical condition. 1 -6 The patients are at high risk of postoperative complications, including cardiopulmonary complications and sepsis; the two most frequent causes of death after surgery. 2 5 6 Thus, the organization of postoperative care seems to be an important modifiable prognostic factor in emergency GI surgery. 9 In the UK, the National Confidential Enquiry into Patient
Outcome and Death (NCEPOD) emphasized that postoperative care needs to be improved by ensuring that patients receive the appropriate level of care to achieve optimal outcome. 10 Recently, the European Surgical Outcome Study (EuSOS) confirmed this was a challenge facing many European countries, by showing that a systematic failure in allocation of the critical care resources potentially influence non-cardiac surgical patients outcome.
intensive care unit (ICU) after initial postoperative care in the standard ward has not been evaluated in a population-based emergency GI setting. The aims of the present population-based cohort study of emergency major GI surgical patients were two-fold: (i) to present mortality data of an unselected consecutive cohort and (ii) to evaluate postoperative care pathways.
Methods

Approval and registration
The study was approved by the Danish Data Protection Agency (HEH.750. [16] [17] [18] [19] , the National Patient Registry (7-505-29-1745/1), the National Board of Health (7-604-04-02/294/ASD), and the Ethical Committee of the Capital Region (H-1-2013-fsp-34), which waived informed consent. The manuscript has been prepared according to the STROBE statement. 12 
Design
A population-based cohort study with prospective and consecutive data collection.
Setting
All hospitals in the Capital Region of Denmark with a GI surgical (general) department, an ICU, and having reported to the Danish Anaesthesia Database (DAD) 13 version 3 for at least 3 months with perioperative real-time entries contributed to the cohort. One Capital Region hospital, located at Bornholm Island (40 000 inhabitants), was excluded because of nonvalid data registration in the DAD. Consequently, the cohort comprised all emergency GI surgical departments situated around Copenhagen: one tertiary referral centre and five secondary referral centres.
In Denmark, all emergency surgical patients are treated on tax-financed public healthcare centres. The Capital Region of Denmark has 1.7 million inhabitants, covering 30% of the national population. Surgical patients are treated on postanaesthesia care units (PACUs), with the possibility to extend stays for up to 24 h, on mixed ICUs and/or on standard wards.
Patients
All in-patients having GI laparotomy or laparoscopy performed in the Capital Region of Denmark between January 1, 2009, and December 31, 2010 were included. Appendectomies, negative diagnostic laparoscopies, biopsy procedures, and non-GI surgery, for example, biliary tract, liver, and urogenital surgery, were not included. Patients having elective GI surgery and those aged ,18 yr were excluded (Fig. 1 ). If a patient had more than one emergency GI laparotomy or laparoscopy performed during the study period, only data from the first procedure were analysed. One secondary referral centre (The Hospital of North Zealand) did not report to the Danish Anaesthesia Database (DAD) in 2009, so only 2010 data were used from this centre.
Data sources
The DAD was established in 2004. 13 The DAD contains baseline, clinical, and perioperative characteristics related to surgery and anaesthesia. Data are recorded electronically and in real time (prospectively) to a central server.
The National Patient Registry (NPR) was established in 1977 by The Danish National Board of Health.
14 The NPR is a monitoring and budget controlling instrument in all hospitals. In NPR, all hospital visits are registered with respect to disease, treatment, and hospital organization. Surgical procedures are recorded in accordance with the Nordic Classification of Surgical procedures (NCSP) codes, and are assigned exclusively by the surgeon performing the surgical procedure. The Danish Civil Registration System (CRS) is maintained by the Danish government, which since 1968 has assigned a unique personal identification number to all Danish citizens. 15 The CRS contains information on sex, date of birth, and the exact date of death on all Danish citizens.
The personal identification number is used as a personal identifier in all healthcare databases enabling linkage of data.
Variables
From DAD, we retrieved data on: surgical priority (emergency or elective), alcohol abuse (.252 g alcohol per week for men and .168 g alcohol per week for women), smoking (y/n), BMI, ASA physical status score, duration of surgery, continuous epidural analgesia (y/n), central venous catheter (y/n), postanaesthesia recovery location (ward, PACU, or ICU), duration of post-anaesthesia recovery (end of surgery to death or transfer to ward), post-PACU discharge location (ward or ICU), and PACU discharging staff (nurse, resident, or consultant in anaesthesiology). Emergency surgery was defined as surgery not planned the day before.
From the NPR, we retrieved data on: Charlson index score, 16 -18 recent GI surgery (within 30 days before the index emergency operation) (y/n), re-operative surgery within 30 days after operation (y/n), and postoperative length of hospital stay (LOS) (irrespective of intra-or inter-hospital transfers). The Charlson index score was calculated from the discharge ICD-10 diagnostic codes registered at all hospital visits from 2004 until the index operation. From the NPR or the local electronic medical file, we retrieved data on: length of ICU stay (end of surgery to death or transfer to ward irrespective of inter-hospital transfers) and in-hospital ICU admission from the ward within 30 days of index operation (y/n).
Data extraction and management
We retrieved data on the surgical procedures from the NPR where relevant NCSP codes for GI laparotomy or laparoscopic surgery performed by GI surgeons were used as primary or secondary classification codes. The surgical procedures were linked to the DAD through the personal identification number, and surgical date and time (Fig. 1) . In DAD, several online validations and warnings appear during registration if data are inconsistent. The extracted data were checked for data entry errors and consistency by M.V.-A. Missing surgery times and dates were retrieved from the local operating theatre planning system (Orbit 4.22, EVRY Health & Care, Sweden). If the PACU stay exceeded 3 days, the data were categorized as missing, because of invalid discharge date.
Outcome measures
The primary outcome measure was all-cause mortality within 30 days of surgery; 90 day mortality was a secondary outcome measure.
Sample size and statistical analysis
In a cohort study with simple random sampling, a¼0.05, b¼0.2, and an estimated 30 day mortality rate of 15-20%, at least 2000 patients are required to yield a confidence interval (CI) of 13.4-16.6% (15% mortality) or 18.3 -21.8 (20% mortality). 19 Clinical characteristics stratified for survivors vs nonsurvivors and for postoperative care pathway are presented as frequencies or medians [inter-quartile range (IQR)]. We performed univariate logistic regression analyses to evaluate the association between covariates and 30 day mortality. Four covariates were not selected for univariate analyses as they would potentially distort the final multivariate model; category of PACU discharging staff and duration of post-anaesthesia recovery, because data were inherently not available in patients admitted to ICU after surgery, durations before re-operation, because data were only available in patients undergoing re-operation, and LOS, because the impact of LOS on 30 day mortality may depend on in-hospital mortality. The subsequent multivariate logistic regression model comprised all Secondarily, the 90 day survival is illustrated with the KaplanMeier survival statistics stratified for postoperative care pathways and tested pairwise with the logrank test. A two-sided P-value of ,0.05 was considered statistically significant. Data were analysed using SPSS w version 19.0 (IBM, Chicago, IL, USA) statistical software package.
Results
A total of 2904 patients were included (Fig. 1) . In Table 1 , clinical characteristics of the study population stratified by survivors and non-survivors are presented. The median age (IQR) was 66 (54 -77) yr and 49% (1411 of 2904) were men. Sixty-three per cent (1837 of 2904) of the patients were 60 yr or above, 45% (1299 of 2886) had an ASA score of III-IV, and 72% (2088 of 2904) had one or more co-existing diseases, as outlined in the Charlson co-morbidity index. A total of 538 patients (18.5 
ICU pathway
A total of 452 patients (16%) were admitted to the ICU after surgery, with a 30 day mortality of 42% (190 of 452) (Fig. 2) . Ninety days after operation, the mortality increased to 48.2%. Some 77% (348 of 452) were admitted directly to the ICU after operation, whereas the remaining 23% (104 of 452) were admitted from surgery to PACU before transfer to ICU. The median post-anaesthesia recovery duration in these patients was 9 h (IQR 4 -17) before transfer to the ICU. A total of 34.8% (146 of 420, missing data on 32 patients) were admitted to ICU before operation, with a median ICU stay before surgery of 19 h (IQR: 6 -50). Overall, 12.3% (40 of 326) of the ICU survivors were readmitted to the ICU; this subgroup had a 30 day mortality of 40.0% (16 of 40).
Ward care pathway
A total of 2412 patients (84%) were discharged to standard ward after surgery, with a 30 day mortality of 14.3% (344 of 2412) (Fig. 2) . Ninety days after operation, mortality increased to 19.1%. The median post-anaesthesia recovery duration was 4 h (IQR: 2-7), and 12.2% (294 of 2409) stayed more than 12 h in the PACU before discharge to the ward. Re-operative surgery occurred in 11.2% (271 of 2412) of the patients; a median of 7 days (IQR 3-11) after the index operation. In all, 116 patients (4.8%) were admitted to standard ward before ICU admission for a median of 2 days (IQR: 1-6) at the standard ward (Fig. 2) . Six patients (5.2%) had more than one ICU admission, and three of these (50%) died within 30 days. The median length of ICU stay was 84 h (IQR: 23-206). In Table 2 , clinical characteristics of the patients stratified by postoperative care pathways are presented. Figure 3 shows the 90 day survival curve stratified for postoperative care pathways.
Postoperative pathway association with 30 day mortality
When compared with 'admission to standard ward', 'admission to standard ward before ICU admission' and 'ICU admission after surgery' were independently associated with 30 day mortality; odds ratio (OR) 5.45 (95% CI: 3.48-8.56) and OR 3.27 (95% CI: 2.45 -4.36), respectively (Table 3) . We performed an additional multivariate analysis using 'ICU admission after surgery' as reference. This analysis demonstrated an OR of 1.67 (95% CI: 1.02 -2.72) of death within 30 days for patients categorized as 'admission to standard ward before ICU admission'. Furthermore, we conducted a sensitivity analysis where patients admitted to the ICU before operation were excluded from the multivariate model. This analysis disclosed similar estimates as the primary model.
Discussion
The main findings in the present population-based cohort study were that 18.5% of the patients leaving the operating theatre after emergency major GI surgery died within 30 days. Despite this high mortality, the majority (84%) of the patients were observed and treated in the standard ward after a short stay in the PACU. A total of 5% of the patients treated at the standard ward after surgery were subsequently-after a median of 2 days-admitted to the ICU. Admission to standard ward before ICU admission was associated with an increased risk of postoperative death within 30 days when compared with both ICU admission after surgery and standard ward care without ICU admissions.
Previous research in postoperative pathways has mainly focused on non-cardiac surgery. 8 11 20 Descriptions of postoperative care pathways after emergency major GI surgery are sparse. Three studies with 1845, 85, and 124 patients, respectively, have been published in recent years. 1 -3 All the studies are from the UK and report a lower mortality rate than in the present study. In a multicentre study by Saunders and colleagues (n¼1845), 1 and in a small single-centre study by Awad and colleagues (n¼85), 2 30 day mortality was 15%
and 14%, respectively. Common for these studies are that fewer patients were treated in the standard ward after surgery when compared with our study, 40% vs 84%. The remaining 60% received care in a high-dependency unit (intermediate care unit) or an ICU. The third study by Clarke and colleagues 3 (n¼124) showed a 30 day mortality of 17%. Seventy per cent of the patients were treated in the standard ward after surgery in this study. The higher crude 30 day mortality rate seen in the present study could be explained by a difference in case-mix of wellestablished prognostic factors in emergency GI surgery such as age, 21 -23 dependent functional status, 5 21 ASA physical status, 21 -23 co-morbidities, 21 22 and type of surgery, 21 23 or simply because of random variation. However, the marked differences in the use of postoperative intermediate and intensive care could be an important contributor to the higher mortality. In our study, patients judged ready for discharge to the standard after surgery but subsequently admitted to ICU were at greater risk of postoperative death than those in need of ICU admission immediately after surgery. This finding is consistent with results in elective colorectal cancer surgery where long-term mortality was evaluated (hazard ratio: 6.57). 24 A possible interpretation of this increased risk could be that the ward staff fail to timely recognize and treat postoperative complications. 9 25 This may cause patients to deteriorate to a worse clinical state than those admitted to ICU immediately after surgery. First, the patient-to-nurse ratio in the standard ward is higher than in the intermediate/ ICU setting. High patient-to-nurse ratio has been associated with higher failure-to-rescue rates (i.e. the mortality rate of 
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Mortality and care pathways after emergency surgery patients encountering postoperative complications). 26 Secondly, the standard ward is not able to continuously monitor vital signs in high-risk patients. This may compromise timely recognition and treatment of postoperative complications, for example, timely administration of antibiotics in patients with impending sepsis. Thirdly, the restricted staff resources at the ward may result in less successful prevention of postoperative complications, for example, because of limited assistance to mobilization and lung physiotherapy. Our study suggests that failure to admit the appropriate patients to ICU immediately after surgery contributes to poor outcome after emergency major GI surgery. This is in line with the EuSOS study of non-cardiac surgery. 11 Inadequate identification of patients at risk of major postoperative complications before PACU discharge may explain this failure in patient triage. At present, the study sites use the national recommendations for PACU discharge to the ward. 27 This recommendation focuses mainly on adequate recovery from anaesthesia, and no structured evaluation of the risk of postoperative morbidity and mortality is undertaken. Adding routine risk stratification of patients undergoing high-risk surgical procedures could prove important. 28 In the present study, patients were treated after operation either in the ward or in the ICU, where both intensive and intermediate care was provided. Patients admitted to the ICU after surgery had a higher mortality than the ICU patients in the UK multicentre study (40% vs 30%). 1 This, combined with a high mortality rate among patients allocated to standard ward in our study, might indicate low provision of intensive and intermediate care beds. This low provision challenges triage of risk patients to the appropriate level of care and may delay effective management of postoperative complications. Consequently, patients are only admitted to the ICU if they have manifest organ failure, and patients at risk of organ failure are cared for in the standard ward. We found that the majority of patients discharged to standard ward had a short stay in the PACU, even though it is possible to keep patients for up to 24 h. The reason for this could be that the PACUs are primarily organized to receive short-stay recovery patients, and have a low provision of post-anaesthesia care beds for extended stays.
The present study reveals that the majority of severe complications leading to ICU admission from standard ward are encountered already within 2 -3 days of surgery, confirming previous results in high-risk non-cardiac surgery, 20 whereas the majority of complications leading to re-operative procedures occur within 1 week of surgery. This indicates that clinicians should pay special attention to timely recognition and management of both medical and surgical complications within the first 2 -3 days after surgery. A multidisciplinary approach with involvement of both surgeons and intensivists in the first 2-3 days after emergency GI surgery in an intermediate care setting could prove important. The strengths of the present study are the large sample size and the population-based multicentre design, when compared with previous reports evaluating postoperative pathways in emergency GI surgery. Furthermore, we have complete followup with regard to postoperative pathways, in spite of occasional inter-hospital transfers, and to survival. Data from administrative and quality-monitoring healthcare databases may be inaccurate or incomplete. However, data in the National Patient Registry have high validity and completeness approaching 100%. 29 30 In the DAD, the quality of entries is controlled through several online validations during data registration, and the parameters are predefined with integrated online accessible definitions. Confounding by indication is known to introduce bias in non-randomized studies evaluating interventions. 31 In this case, the clinical choice of the appropriate postoperative pathway depends on multiple factors not all recorded in the DAD, which may affect the point estimates. For example, we were not able to report information on treatment limitations. Some patients might have undergone surgery, even though postoperative admission to the ICU was deemed inappropriate because of a poor prognosis. During the last decade, the organization of surgical care has received increased attention through routine audits and research questioning the quality of postoperative care. 9 -11 32 33 Despite this, mortality in unselected emergency major GI surgical patients remains high. Failure to admit patients to the appropriate level of care immediately after surgery may contribute to the high mortality rate after emergency GI surgery. This could be a result of inadequate perioperative identification of high-risk patients combined with a low provision of intermediate and intensive care beds. Routine risk stratification and an increase in intermediate care beds might aid a reduction in morbidity and mortality. The present data indicate 
